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(57) Abstract: A system and 
a method for three-dimensional 
printing of a three-dimensional 
model is provided. The system 
includes a printing head (12) 
having a plurality of nozzles (14). 
A dispenser (22) connected to the 
printed head (12) for selectively 
dispensing interface material (16) 
in layers. A curer (18) means 
for optionally curing each of the 
layers deposited (20, 28). The 
depth of each deposited layer (20, 
28) is controllable by selectively 
adjusting the output from each of 
the plurality of nozzles (14). 
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SYSTEM AND METHOD FOR THREE DIMENSIONAL PRINTING 

FIELD OF THE INVENTION 

This present invention relates to three-dimensional (3-D) modeling in 
general and to a system and a method for 3-D printing of complex structures in 
particular. 

BACKGROUND OF THE INVENTION 

3-D printing, which works by building parts in layers, is a process used for 
the building up of 3-D models. 3-D printing is relatively speedy and flexible 
allowing for the production of prototype parts and tooling directly from a CAD 
model, for example. 

Using 3-D printing enables the manufacturer to obtain a full 3-D model of 
any proposed product before tooling thereby possibly substantially reducing the 
cost of tooling and leading to a better synchronization between design and 
manufacturing. A lower product cost and improved product quality can also be 
obtained. 

Various systems have been developed for computerized 3-D printing. 
Known systems include a system developed by 3-D Systems Inc. of California, 
USA. which operates on the basis of stereo-lithography wherein a focused 
ultra-violet laser is scanned over the top of a bath of photopolymerizabie liquid 
polymer plastic material. The surface of the bath is polymerized on contact with 
the UV laser creating a solid plastic layer at or just below the surface 

US Patent No. 5,387,380 to Cima et al. describes a technique for 
providing layered parts by depositing a layer of powder material and then 
depositing a binder material in selected regions to produce a layer of bonded 
powder material at the selected regions. These steps are repeated for successive 
layers to form a desired component Following heat treatment, unbound powder is 
removed, leaving the fabricated part. 

US Patent No. 5,287,435 to Cohen et al describes apparatus for producing 
3-D models which includes apparatus for depositing layer-by-layer, a 
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photopolymer material in a selectable configuration and apparatus for curing each 
layer prior to deposition of the succeeding layer. 

A disadvantage of these systems is the difficulty of printing 3-D models 
having a complex structure such as a tea cup, for example (shown in Fig. 2). 

5 In US Patent Application No: 09/259323 to the Assignees of the present 

application, and incorporated herein by reference, there is described an apparatus 
and a method for 3-D model printing. U.S. Patent Application 09/259323 
describes apparatus including a printing head having a plurality of nozzles, a 
dispenser connected to the printing head for selectively dispensing interface 

10 material in layers and curing means for optionally curing each of the layers 
deposited. The depth of each deposited layer is controllable by selectively 
adjusting the output from each of the plurality of nozzles. 
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SUMMARY OF THE INVENTION 

The present invention provides a 3-D printing system and a method for 
printing complex 3-D models by utilizing at least two printing heads which eject 
interface material. By using interface material having different hardness (or 
modulus of elasticity) and mixing the interface material from each of the printing 
heads, the hardness of the layers of material forming the 3-D model can be 
controlled. The layers forming the construction layers of the model are formed 
from interface material having a different (harder) modulus of elasticity from the 
layers forming the release layers, thereby allowing for the forming complex 
shapes. 

There is thus provided, in accordance with a preferred embodiment of the 
present invention, a method for three-dimensional printing of a three-dimensional 
model. The method includes: 

dispensing a first interface material from a printing head; 

dispensing at least a second interface material from the printing head; and 

combining the first and second interface material in pre-determined 
proportions to produce construction layers for forming the three-dimensional 
model. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the printing head includes first and second printing heads. The first 
interface material and second interface material are dispensed from the first and 
second printing heads, respectively. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the methocTfurther includes the step of curing the first interface material 
for a first period of time and at a first radiation wavelength to obtain a first modulus 
of elasticity. The method further includes the step of curing the second interface 
material for a second period of time and at a second radiation wavelength to obtain 
a second modulus of elasticity. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the step of combining includes the step of adjusting the relative 
proportions of the first and second interface materials, the first and second 
interface materials having different modulus of elasticity. 
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Furthermore, in accordance with a preferred embodiment of the present 
invention, the further includes the step of combining the first and second interface 
material in pre-determined proportions to form a release layer, the release layer 
having a lower modulus of elasticity than the construction layer. The release layer 
includes a plurality of release blocks, each of the release blocks having a 
pre-determined modulus of elasticity . 

Furthermore, in accordance with a preferred embodiment of the present 
invention, 95 to 100% of the construction layer includes the first interface material 
and 0 to 5% of the construction layer includes the second interface material. 0 to 
5% of the release layer includes the first interface material and 95 to 100% of the 
release layer includes the second interface material. 

Additionally, in accordance with a preferred embodiment of the present 
invention, the first interface material is a different color than the second interface 
material. Furthermore, the first and/or second interface material is transparent. 

There is additionally provided, in accordance with a preferred embodiment 
of the present invention, a system for three-dimensional printing of a 
three-dimensional model, which includes at least one printing head, having a 
plurality of nozzles, at least first and second dispensers connected to the printing 
head for dispensing at least first and second interface materials therefrom 
respectively, and control means connected to the printing head for combining at 
the first and second interface materials in pre-determined proportions to produce 
forming the three-dimensional model. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes curing means for optionally curing the layers. 
The curing means includes a first curing means for curing the first interface 
material for a first period of time and at a first radiation wavelength to obtain a first 
modulus of elasticity; and a second curing means for curing the second interface 
material for a second period of time and at a second radiation wavelength to obtain 
a second modulus of elasticity. 

The printing head includes first and second printing heads wherein the first 
interface material and second interface material are dispensed from the first and 
second printing heads, respectively. 
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Furthermore, in accordance with a preferred embodiment of the present 
invention, the layers comprise first construction layers and second release layers. 
The first construction layers and the second release layers have differing 
proportions of the first and the second interface materials, respectively, and 
different moduluses of elasticity. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes positioning apparatus coupled to the control 
means for selectively positioning the first and second printing heads by commands 
from the control means. 

In addition, there is provided, in accordance with a preferred embodiment 
of the present invention, a system for three-dimensional four-color printing of a 
three-dimensional model, which includes at least one printing head, having a 
plurality of nozzles, a plurality of dispensers connected to the at least one printing 
head for dispensing a plurality of interface materials and control means connected 
to the at least one printing head for combining the plurality of interface materials in 
pre-determined proportions to produce layers having different colors for forming 
the three-dimensional model. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the printing head includes a plurality of printing heads and wherein each 
of the plurality of interface materials are dispensed from a different one of each of 
the plurality of printing heads, respectively. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the system further includes curing means for optionally curing the layers. 
The curing means includes at least first curing means for curing at least one of the 
plurality of interface materials for a first period of time and at a first radiation 
wavelength to obtain a first modulus of elasticity. The system further includes a 
dispenser for dispensing transparent material. 

Furthermore, in accordance with a preferred embodiment of the present 
invention, the layers have different moduluses of elasticity. The layers are a 
photopolymer material curable by the application of any one of a group including 
ultra-violet radiation, infra red radiation and E-beam. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and appreciated more fully from 
the following detailed description taken in conjunction with the appended drawings 
in which: 

Fig. 1 is a schematic illustration of an embodiment of a 3-D printing 
system, described in US Patent Application No: 09/259,323, assigned to the 
Assignees of the present application; 

Fig. 2 is an elevational view of an 3-D object printable by the printing 
system of Fig. 3; 

Fig. 3 is a schematic illustration of a 3-D printing system, constructed and 
operative in accordance with a preferred embodiment of the present invention; 

Fig. 4 is an enlarged detail of the 3-D object of Fig. 2; 

Fig. 5 is flow chart illustrating the build-up of the 3-D object of Fig. 2; 

Figs 6A, 6B, 6C and 6D are schematic elevational illustrations of examples 
of 3-D objects constructed by the 3-D printing system of Fig. 3; 

Fig. 6E is an enlarged detail of adjacent 'release blocks'; 

Fig. 7 is a schematic illustration of a printing head for use with the printing 

system of Fig. 3; and 

Fig. 8 is a schematic illustration of part of an alternative embodiment of 

part of a 3-D printing system. 
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List of Definitions 

The following definitions are used in this Application: 

block - any size or shape of interface material deposited by at 
least one nozzle of a printing head; 

pass - a plurality of blocks deposited in a single pass of a printing 

head; 

layer - a plurality of passes by a printing head 

model layer (or component) a layer of interface material 
constituting the 3-D model; 

support layer (or component) - a layer of interface material for 
supporting the 3-D model layer and not constituting the 3-D model; 

release layer (or component) - a layer of interface material for 
separating the 3-D model layer from components, such as the support 
layer, not constituting the 3-D model. 

The terms hardness and softness are used as relative terms to indicate 
the differences in modulus of elasticity between interface materials. The hardness 
of a material may be described by reference to its modulus of elasticity, which may 
be defined as: "The ratio of stress to its corresponding strain under given 
conditions of load, for materials that deform elastically, according to Hooke's law". 



7 



WO 01/26023 



PCT71LOO/00616 



DETAILED DESCRIPTION OF THE PRESENT INVENTION 

Reference is made to Fig. 1, which is a schematic illustration of the 3-D 
printing system, generally designated 10, described in US Patent Application No: 
09/259,323, assigned to the Assignees of the present application and incorporated 
herein by reference. 

The 3-D printing system 10 includes a printing head 12 having a plurality 
of ink-jet nozzles 14, through which interface material 16 is jetted and a curing unit 
18 for curing the interface material 16 to form the 3-D component, referenced 20, 
being designed. The interface material 16 is preferably a photopolymer, containing 
ultra violet (UV) or infra red (IR) curable material. For example, material based on 
reactive acrylates is suitable for UV curing or hardening by the application of UV 
radiation from curing unit 18. The 3-D component 20 is build up in layers, the 
depth of each layer being controllable by selectively adjusting the output from each 
of the plurality of ink-jet nozzles 14. 

The 3-D printing system 10 further includes a dispenser 22, a process 
controller 24 and a Computer Aided Design (CAD) system 26. The process 
controller 24 is coupled to CAD system 26, curing unit 18 and printing head 12. 

The dispenser 22, which contains interface material 16, is suitably 
connected to printing head 12. The 3-D component 20 is formed on a support 
surface 28, which can be optionally positioned in the Z- and Y- axes by positioning 
apparatus 30. 

Reference is now made to Fig. 2 which is an elevational view of a tea cup, 
generally referenced 50. In order to print this 3-D model using ink-jet type printing 
heads of Fig. 1, two problems need to be overcome. Firstly, since the printing 
head 12 prints or deposits interface material in horizontal layers, the model layers 
52 of the tea cup 50 need to be supported externally, such as under the handle 52 
(indicated by the stepped support 54), and secondly, an internal void, referenced 
56, needs to be formed during printing. 

Reference is now also made to Fig. 3, which is a schematic illustration of a 
3-D printing system generally designated 100, constructed and operative in 
accordance with a preferred embodiment of the present invention, for forming the 
3-D component, referenced 102, being designed. Fig. 3 is similar to Fig. 1 and 
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utilizes similar components. These components have been similarly designated 
and will not be described further. 

The 3-D printing system 100 includes a plurality of printing heads, 
generally referenced 104 and individually referenced 104a, 104b, etc, connected to 
corresponding interface material dispensers 106a, 106b, etc. containing interface 
material, correspondingly referenced 108a, 108b, etc. 

The printing heads 104 each preferably have a plurality of ink-jet type 
nozzles 105, through which interface material 108a, 108b is jetted. The interface 
material 108a, 108b is preferably a photopolymer, containing ultra violet (UV) 
curable material suitable for UV curing or hardening by the application of UV 
radiation from curing unit 18. The 3-D printing system 100 further includes a 
dispenser 106a, 106b, a controller 110 and a Computer Aided Design (CAD) 
system 26 and optionally positioning apparatus 30. The controller 1 1 0 is coupled 
to CAD system 26, curing unit 18, positioning apparatus 30, each of the printing 
heads 104, and dispensers (106a-106d). 

The Applicants have realized that by combining or mixing material from at 
least two printing heads, wherein each printing head dispenses interface material 
having a different hardness, it is possible to adjust and control the hardness of the 
material forming the 3-D object being produced. Thus, by controlled mixing of the 
interface material being output from each of the printing heads, different parts of 
the 3-D object 102 having different modulus of elasticity can be produced utilizing 

these printing heads. 

Thus, in the example of the tea cup 50 (Fig. 2), the support layers 54 may 
be constituted from mix proportions similar to (or alternatively different from) the 
constructed model layer 52, such as the handle 53, since the support layer 54 is 
separated from the model layer 52 by a release layer, referenced 58, which is 
generally softer than the model layer 52. 

The release layer 58, between the support layer 54 and model layer 52 
can be constituted by mixing the proportions of the interface materials so that the 
mix for the release layer 58 is softer than the constructed model layer 52. Thus, 
the support layer can be easily separated from the 3-D model to leave the desired 
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completed product. Similarly, the internal void 56 can be formed from a softer mix 
than the cup wall 60. 

The terms hardness and softness are used as relative terms to indicate 
the differences in modulus of elasticity between the interface materials 108a and 
108b in the respective interface material dispensers 106a and 106b. 

Modulus of elasticity may be measured in mega Pascal units. For the 
purposes of example only and without any limiting the present application, the 
interface material 108a preferably has a modulus of elasticity of 1000 mega Pascal 
while softer interface material 108b preferably has a modulus of elasticity of less 
than 1 mega Pascal. As described in the aforementioned US Patent Application 
No: 09/259323, the 3-D model is build up in layers. The 3-D model tea cup 50 can 
be formed in layers, utilizing two printing heads, as will now be described with 
re f erence to Fig. 4 which is an enlarged detail of part of the tea cup 50 of Fig. 2. 

Tea cup 50 includes a base 62 as well as the generally cylindrical wall 60. 
The construction of the cup 50 is schematically illustrated by several layers, 

referenced L1, l_2 L9, etc. The support layers 54 are referenced Lis. L2s, 

etc., the release component 58 of the layer are referenced L1r, L2r, etc and the 
model layers are Urn, L2m, etc. The layers shown are not to scale and it will be 
appreciated that since a single jetted deposited layer is approximately 10n, the 
thickness of the layers shown (L1 , L2 etc) may consist of several deposited layers 
and be formed from several passes of the printing heads 104. 

Reference is now also made to Fig. 5 which is flow chart illustrating the 
build-up of the 3-D object 102 using two printing heads 104, each of which 
preferably have a plurality of nozzles 105. A file of the model to be produced is 
downloaded to the CAD system 26 (step 202) allowing the operator to view the 
model and control the operational procedure. 

The operator selects those variables (step 204) which define the finished 
product. These variables include the desired resolution of the jet head, the desired 
spacing between consecutive ink-dot lines and the number (h) of layers to be used 
in building up the model. The number of steps 0) through which the printing heads 
104 are displaced (in the x-y axes) to print a single layer and the number of vertical 
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steps (i), in the z-axis, to print the model are calculated. These steps are 
described in U.S. Patent Application 09/259323. 

The printing heads 104a, 104b are positioned at the start position (axis line 
64) for the first layer L1 (step 206) and the mix formulation for the type of layer at 
this position determined (step 208). 

In the example of Fig. 4, position 64 is a support layer (Lis) and thus, the 
mix is formulated so as to be of sufficient consistency for supporting the plurality of 
layers (L2, L3, etc) above it. For example, the support layers (Lis, L2s, etc.) may 
be constituted in the proportion of 80% of interface material 108a and 20% of 
interface material 108b. In this example, the model layers, such as base 62 and 
walls 64, may be constituted in the proportion of 90-100% of interface material 
108a and up to 10% of interface material 108b. The release layers generally 
consist of a higher proportion of softer interface material 108b and may be 
constituted, for example, in the proportion of 5% of interface material 108a and 
95% of interface material 108b. 

The support layer Lis is formed by simultaneously ejecting interface 
material from both printing heads 104a and 104b in the determined proportions 
(step 210). As the printing heads move from left to right, the support layer 
changes to a release layer (arrow 66). The mix formulation is changed to that 
required for the release layer (L1r) -(query box 212) and the softer release layer is 
deposited (repeating steps 208-212). If the type of layer is the same, the same 
mix is deposited (step 214). 

Steps 208 - 214 may be repeated several times so that the single layer 
(L1) is build up from several passes of the printing heads 104a,104b (step 216). 

After completing the layer (L1) t the printing heads 104a, 104b are moved 
back to the start position for the next layer (L2) and repositioned in the vertical-axis 
(64) above the first layer (step 218). Since the thickness of a layer is 
approximately 10|a, it is not essential to reposition the printing head relative to the 
model after every pass, and this step may be deferred at the discretion of the 
operator. 

The mix formulation for this position is determined (repeat step 208). In 
this case, since it is a support layer, the mix is the same as in layer L1 . However, it 
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will be appreciated that the mix formulation may vary from support layer to support 
layer and need not be the same each time. 

The support layer L2s is formed by simultaneously ejecting interface 
material from both printing heads 104a and 104b in the determined proportions 
(similar to step 210). As the printing heads move from left to right, the support 
layer changes to a release layer (arrow 68). The mix formulation is changed to 
that required for the release layer (L2r) -(similar to step 208) and the softer release 
layer is deposited (similar to step 210). As the printing heads move from left to 
right, the release layer changes to the model layer (along curve 70). The mix 
formulation is changed to that required for the model layer (L2m) and the model 
layer is deposited as previously described with respect to the lower layers. 

Since the change from support (L2s) to release layer (L2r) to model layer 
(L2m) does not occur at the identical point on the vertical axis along the whole 
horizontal length of this layer (L2) in contrast to layer L1, the repetition of steps 208 
- 218 are not exactly identical for each of the passes making up the layer. In 
practice since each pass is approximately 10^, the change from one type of mix to 
another is a smooth transition during each pass. 

After completing the layer (L2), the printing heads 104a,104b are moved 
back to the start position for the next layer (L3) and repositioned in the vertical-axis 
(64) above the first layer (repeat step 218). 

The deposition of layer L3 is similar to that described for layer L2 with the 
following difference: As the printing heads 104a,104b continue their pass, there is 
an additional transition, from model layer (L3m) to release layer (L3r). In this case, 
after the model layer L3m has been deposited, the mix formulation is changed to 
that required for the release layer (L2r) (repeat step 208) and sufficient of the 
release layer (69) is deposited (repeat step 210) adjacent to the model layer (L3m) 
so as to provide a break between the model layer and the release layer. 

After the release layer 69 has been deposited, there is a further transition, 
from release layer (L3r) to a support layer (L3s). The modulus of elasticity of this 
support layer (L3s) my be similar to the modulus of elasticity of the previously laid 
support layer or of any other layer, such as the model (L3m) layer, which is harder 
than the release layer (L3r). 
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Curing is preferably carried out after the deposition of each layer. 
However, alternatively, curing may be optionally deferred so that curing occurs 
after the deposition of more than one layer. 

Reference is now made to Figs. 6A- 6D, which are schematic elevational 
illustrations of examples of 3-D models which illustrate the operation of the 
invention. Figs. 6A and 6B illustrate generally non- complex shapes. Fig. 6A is a 
sectional elevation of a 3-D model part 70 having model layers 72, support layers 
74 (shown hatched) and release layers 76 (delimited by dashed lines). Fig. 6A has 
a generally rectangular cross-section similar to a 'mortise' with a 'tenon'-like 

component removed. 

Fig. 6B is a sectional elevation of a 3-D model part 80 having model layers 
82, support layers 84 (shown hatched) and release layers 86 (delimited by dashed 
lines). Fig. 6B is a has a generally T" cross-section. In both Figs. 6A and 6B, the 
release layers 76 and 86, respectively, can be easily detached form the model and 
thus they may be formed of the interface material having the same hardness or 
modulus of elasticity. Alternatively, adjacent release blocks, such as those 
referenced 76a and 76b, may be constituted from materials having different 
modulus of elasticity, so that these release blocks may be separated from each 
other. This is particularly important for complex shapes such as those shown in 
Figs. 6C and 6D, to which is now made. 

In a further embodiment of the present application, the release layer for 
complex shapes includes a plurality of passes, each pass comprising a plurality of 
'release blocks', wherein each of the release blocks contains interface material of a 
different specific modulus of elasticity (or hardness). 

Fig. 6C is a sectional elevation of a 3-D model part 90 having model layers 
92, and release layers 94 (shown by dashed lines). Fig. 6D is a sectional elevation 
of a 3-D model part 96 having model layers 97, and release layers 98. 

In contrast to the shapes of Figs 6A and 6B, the release layer 94 of Fig. 
6C is not easily detached from the model 92 because of the triangular element, 
referenced 94a. Similarly, the release layer 98 of Fig. 6D is not easily detached 
from the model 96 because of the double triangular element, referenced 98a. 
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In order to separate the release layers formed within complex shapes, the 
re | ease layers are formed from a plurality of 'release blocks'. Thus, in the example 
of Fig. 6D, release layers 98a is constituted from a plurality of adjacent blocks, 
referenced B1, B2, B3, etc. Each of the release blocks contains interface material 
of a specific modulus of elasticity (different hardness). Thus, the release layer 
defined by the row comprising blocks B1-B6 is constituted from blocks which 
because adjacent blocks have material of different hardness allow the row to more 
easily be detached and thus released from the model. Consequently, once this 
row (B1-B7) has been detached, the row above it comprising blocks B7-B16 can 
similarly be detached. 

It will be appreciated by persons knowledgeable in the art that the release 
blocks are not limited to any size or shape and that a release block may itself be 
constituted form a plurality of smaller "sub-blocks" of different size and shape. 

In an alternative embodiment, which is illustrated by reference to Fig. 6E t 
which is an enlarged detail of adjacent 'release blocks', a "skin release" layer 101 
is formed between adjacent 'release blocks', thereby facilitating the release of 
adjacent blocks B3/B4. The "skin release" layer may be formed by depositing 
interface material of a lower elasticity than the release layer itself, while moving the 
printing head slightly sideways, that is by a width less than the width of the 'release 
block'. For example, for a release block having a width of say 50 microns, a "skin 
release" layer of approximately 10 microns can be formed. This "skin release" 
layer may be applied to any geometric block shape. 

It will be appreciated that the use of blocks is not restricted to release 
blocks but support and model layers may also be constituted from a plurality of 
blocks. 

It will be appreciated that the use of two or more print heads is not limited 
to dispensing interface material having different modulus of elasticity or 
hardnesses but that the print heads may also contain interface material having 
different colors and/or different transparencies. 

Thus, in a further embodiment of the invention, 3-D printing system 100 
may comprise four printing heads, each one for dispensing a different color, 



14 



WO 01/26023 



PCT/IL00/00616 



allowing for four-color (CMYK) printing. A further printing head may also be used 
for dispensing transparent interface material, for example. 

In an alternative embodiment, instead of using two print heads, each 
dispensing interface material, which may have a different modulus of elasticity 
and/or other different characteristics, such as different colors, a single print head 
can be adapted so as to dispense two or more interface materials. 

Reference is now made to Fig. 7, which is a schematic illustration of a 
printing head 120. Printing head 120, which is similar to the printing heads 104 
(described hereinabove with respect to Fig. 3), includes a plurality of ink-jet type 
nozzles 122a and 122b, through which interface material 124a and 124b, 
respectively, is jetted. That is, the printing head 120 is divide into two groups of 
ink-jet nozzles. Thus, the single printing head 120 is similar to two of the printing 
head 104 (Fig.3). 

In operation, ink-jet nozzles 122a and 122b can be activated in 
accordance with pre-determined control commands to dispense either or both of 
interface materials 124a and 124b, as required, to selectively mix material to 
achieve a material of specific modulus of elasticity. 

In a further alternative embodiment, illustrated in Fig. 8, the hardness 
(modulus of elasticity) of the dispensed material can be controlled by regulating the 
curing time of the material being dispensed. Fig. 8 schematically illustrates a 
printing system 130 comprising inter alia a printing head 132 and two curing units 
134 and 136. 

The printing head 132 includes a plurality of ink-jet type nozzles, similar to 
those described hereinabove with respect to Fig. 3, for dispensing interface 
material. The curing units 134 and 136 are any suitable curing units utilizing UV 
radiation, for example, for curing. Each of the curing units 134 and 136 can be 
configured for emitting radiation of different wavelengths. By adjusting the 
radiation wavelength and /or the time for curing, the cured interface material will 
have a different modulus of elasticity. 

Thus, in order to produce interface materials for the support, release and 
construction layers, having different modulus of elasticity, different radiation 
wavelengths are used. By using two curing units, each emitting radiation of a 
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different wavelength, the hardness of the interface material is controllable. Thus, 
by selectively curing the interface material being deposited it is possible to control 
the softness (/hardness) of the material and hence determine the adhesiveness of 
the material being applied to the surface. 

It will be further appreciated that the present invention is not limited by 
what has been described hereinabove and that numerous modifications, all of 
which fall within the scope of the present invention, exist. Rather the scope of the 
invention is defined by the claims, which follow: 
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CLAIMS 

1. A method for three-dimensional printing of a three-dimensional model, 
said method comprising: 

dispensing a first interface material from a printing head; 
dispensing at least a second interface material from said printing 
head; and 

combining said first and second interface material in 
pre-determined proportions to produce construction layers for forming 
the three-dimensional model. 

2. The method according to claim 1, wherein said printing head includes first 
and second printing heads and wherein said first interface material and second 
interface material are dispensed from first and second printing heads, 
respectively. 

3. The method according to claim 1 , further comprising the step of: 

curing said first interface material for a first period of time and at a 
first radiation wavelength to obtain a first modulus of elasticity. 

4. The method according to claim 1 , further comprising the step of: 

curing said second interface material for a second period of time 
and at a second radiation wavelength to obtain a second modulus of 
elasticity. 

5. The method according to claim 1, wherein said step of combining 

includes the step of:. . 

adjusting the relative proportions of said first and second interface 
materials, said first and second interface materials having different 
modulus of elasticity. 

6. The method according to claim 1 , further comprising the step of: 

combining said first and second interface material in 
pre-determined proportions to form a release layer, said release layer 
having a lower modulus of elasticity than said construction layer. 



17 



WO 01/26023 



PCT/ILOO/00616 



7. The method according to claim 6 wherein said release layer includes a 
plurality of release blocks, each of said release blocks having a pre-determined 
modulus of elasticity . 

8. The method according to claim 1, wherein 95 to 100% of said 
5 construction layer includes said first interface material and 0 to 5% of said 

construction layer includes said second interface material. 

9. The method according to claim 1 , wherein 0 to 5% of said release layer 
includes said first interface material and 95 to 100% of said release layer 
includes said second interface material. 

10 10. The method according to claim 1 , wherein said first interface material is a 
different color than said second interface material. 

11. The method according to claim 1, wherein said first interface material is 
transparent. 

12. The method according to claim 1, wherein said second interface material 
15 is transparent. 

13. A system for three-dimensional printing of a three-dimensional model, 
comprising: 

at least one printing head, having a plurality of nozzles; 
at least first and second dispensers connected to said at least one 
20 printing head for dispensing at least first and second interface materials 

respectively; and 

control means connected to said at least one printing head for 
combining at least said first and second interface material in 
pre-determined proportions to produce layers for forming the 
25 three-dimensional model. 

14. The system according to claim 13 and further comprising curing means 
for optionally curing said layers. 

15. The system according to claim 14 wherein said curing means includes: 
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a first curing means for curing said first interface material for a first 
period of time and at a first radiation wavelength to obtain a first 
modulus of elasticity; and 

a second curing means for curing said second interface material 
for a second period of time and at a second radiation wavelength to 
obtain a second modulus of elasticity. 

16. The system according to claim 13, wherein said printing head includes 
first and second printing heads and wherein said first interface material and 
second interface material are dispensed from first and second printing heads, 
respectively. 

17. The system according to claim 13 wherein said layers comprise first 
construction layers and second release layers, said first construction layers and 
said second release layers having differing proportions of said first and said 
second interface materials, respectively, said first construction layers and 
second release layers having different moduluses of elasticity. 

18. The system according to claim 13 and further comprising positioning 
apparatus coupled to said control means for selectively positioning said first and 
second printing heads by commands from said control means. 

19. The system according to claim 13, wherein said layers are photopolymer 
material curable by the application of any one of a group including ultra-violet 
radiation, infra red radiation and E-beam. 

20. The system according to claim 13, wherein said first interface material is 
a different color than said second interface material. 

21. The system according to claim 13, wherein said first interface material is 
transparent. 

22. The system according to claim 1 3, wherein said second interface material 
is transparent. 

23. A system for three-dimensional four-color printing of a three-dimensional 

model, comprising: 

at least one printing head, having a plurality of nozzles; 
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a plurality of dispensers connected to said at least one printing 
head for dispensing a plurality of interface materials; and 

control means connected to said at least one printing head for 
combining said plurality of interface materials in pre-determined 
proportions to produce layers having different colors for forming the 
three-dimensional model. 

24. The system according to claim 23, wherein said printing head includes a 
plurality of printing heads and wherein each of said plurality of interface 
materials are dispensed from a different one of each of said plurality of printing 
heads, respectively. 

25. The system according to claim 23 and further comprising curing means 
for optionally curing said layers. 

26. The system according to claim 25 wherein said curing means includes: 

at least first curing means for curing at least one of said plurality of 
interface materials for a first period of time and at a first radiation 
wavelength to obtain a first modulus of elasticity. 

27. The system according to claim 23 wherein said layers have different 
moduluses of elasticity. 

28. The system according to claim 23, further comprising a dispenser for 
dispensing transparent material. 

29. The system according to claim 23, wherein said layers are photopolymer 
material curable by the application of any one of a group including ultra-violet 
radiation, infra red radiation and E-beam. 



20 



PCT/IL00/00616 



1/8 




FIG.l 



WO 01/26023 



2/8 



PCT/ILOO/00616 




FIG. 2 



WO 01/26023 



PCT/IL00/00616 



3/8 



CO 
CN 



ZE 




LU 
\— 




CO 




>- 




in 




Q 




< 










o 



o 
o 



Q 
CO 
O 



Q 



















P2 




CN 


CO 




U_ 


Q 







o 



CO 

o 



Ql 



CO 

o 

Q_ 













P2 




CN 


CO 




Q_ 


Q 









CD 
CO 
O 



GD 







O \^ 






P2 




CN 


CO 




X 


o 









< 

CO 

o 



CN 



CO 



< 

o > 




CO 
O 



WO 01/26023 



PCT/IL00/00616 




WO 01/26023 



PCT/ILOO/00616 



5/8 



DOWNLOAD A FILE OF THE 
MODEL BEING PRINTED 



SELECT PRINTING VARIABLES 



MOVE PRINT HEADS TO START 
POSITION 



202 



204 



206 



DETERMINE MIX FORMULATION 
FOR TYPE OF LAYER 



ACTUATE PRINTING HEADS TO EJECT 
MATERIAL ACCORDING TO MIX 
FORMULATION FOR LAYER 



YES 



CONTINUE EJECTING MATERIAL 

1 



REPEAT STEPS 208-214 FOR 
THE NUMBER OF PASSES 
REQUIRED FOR THE LAYER 



1 




•208 



'210 



212 



214 



•216 



MOVE PRINT HEADS TO START 
POSITION FOR NEXT LAYER 






REPEAT STEPS 
NEXT 


208-218 FOR 
LAYER 



•218 



220 



FIG.5 



WO 01/26023 



PCT/ILOO/00616 




FIG.6B 



WO 01/26023 PCT7ILOO/00616 



8/8 




FIG. 7 




FIG.8 



INTERNATIONAL SEARCH REPORT 



Ini. national application No. 
PCT/IL00/00616 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :G06F 19/00 

US CL : 700/86, U9. 182 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 700/86, 98, 118. 119. 120, 163, 182; 156/578; 425/379.1 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5,340,433 A (CRUMP) 23£igust 1994 (25.08.94), whole 
Document. 

WO 97/31781, (TECHNOLOGIES LTD.) 14 September 1997 
(14.09.97), Whole Document. 

US 5,594,652 A (PENN et al.) 14 January 1997 (14.01.97), Whole 
document. 

US 5,204,055 A (SACHS et al.) 20 April 1993 (20.04.93) Whole 
Document. 

US 4,575,330 A (HULL) 11 March 1986 (11.03.86), Whole 
Document. 



1-29 
1-29 
1-29 
1-29 
1-29. 



| 1 Further documents are listed in the continuation of Box C. | | See patent family annex. 



•O" 



Special categories of cited documents: 

document defining the general sate of the art which is not considered 
to be of particular relevance 

earlier document published on or after the international filing date 

document which may throw doubts on priority cLaim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand the 
principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the an 

document member of the same patent family 



Date of the actual completion of the international search 
24 JANUARY 2001 



Date of mailing of the international search report 



01 MAR 2001 



Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D C. 20231 
Facsimile No. (703) 305-3230 



Authorized officer 

WILLIAM G 
Telephone No. (703) 308-1 108 



Form PCT/ISA/210 (second sheet) (July 1998)* 



